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Abstract: In this study, we analy>e the regional GPS data of Crustal Movement Observation Network of China 
( CMONOC) observed from 2009-2013 using the BERNESE GPS software, and then the preliminary results of 
horizontal velocity field and strain rate field are presented, which could reflect the overall deformation features 
in the Chinese mainland from 2009-2013. Besides, the velocity error and the probable factors that could influ-
ence the estimate of long-term deformation are also discussed. 
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1 Introduction 
The Chinese maiuland , which is located in the south-
eastern part of Eurasia plate , is the most actively defor-
ming areas with significant crustal movement and wide-
spread earthquakes , due to its contact with India 
plate, Philippine plate and Siberia-Mongolia sub-plate. 
Therefore , the study of the deformation of Chinese ma-
iuland is critical to understand long-term crustal de-
formation and dynamic processes , and has important 
implications for faulting mechanism and earthquake 
hazard assessment[l-3]. 
As one of China' s msjor scientific infrastrnctnres, the 
Crustal Movement Observation Network of China 
( CMONOC) was constructed to quantify crustal deformation 
in Orinese mainland msinly using Global Positioning Sys-
tem ( GPS) measurements for seismic risk assessment11·21 . 
In 1998, a GPS network with abont 1000 regional ( i.e., 
campaign-mode) aod 27 continuous GPS stations was con-
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strncted and the preliminary figure of crustal movement 
coveriog the whole Chinese continent has been ob-
tained11·21. However, due to the limited site distribution and 
density, several critical tectonic zones especially in the 
western China still have sparse GPS observations. 
In 2008, as an extension of CMONOC, a network of 
1000 newly-built regional sites and 233 continuous 
GPS stations have been established 1 •J , and the capa-
bility of monitoring the crustal movement has made 
considerable progresses in China. Since then , three pe-
riods of fieldwork campaigns have been conducted so 
far for a total of about 2000 GPS stations in 2009 , 
2011 and 2013, respectively, with each site observed 
for at least 4 days in each period of fieldwork cam-
paign. In this study, we present the processing result of 
regional GPS data observed from 2009-2013, and then 
analyze the horizontal velocity field and strain rate field 
for the whole Chinese mainland based on these GPS 
observations. In addition , the velocity error and the 
probable factors that could influence the estimate of 
long-term deformation are also discussed briefly. 
2 GPS data sets and processing 
In this study, we processed the data of regional GPS 
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stations of CMONOC along with several other IGS sta-
tions in and around Chinese mainland. Figure 1 shows 
the distributions of regional GPS stations of CMONOC. 
These GPS data were analyzed homogeneously using 
the Bernese 5.0 GPS software with a double-difference 
approach to generate daily solutions [SJ. IGS precise or-
bits and earth orientation parameters, absolute antenna 
phase center and FES2004 ocean tide loading model 
are adopted during the daily data processing. The least-
squares algorithm is used to perform the parameter ad-
justment and the daily solutions are so-called free net-
work solutions[SJ. During the data processing of daily 
solutions, we subdivide the whole network of CMONOC 
campaign -mode GPS stations into 2 subnets, which are 
located in the western and eastern part of Chinese ma-
inland, respectively. We select more than 30 IGS sta-
tions in and around Chinese mainland as IGS core sta-
tions during the daily processing, and each sub-net-
work generally possesses the same IGS core stations. 
Then each daily solutions were transformed into 
IGS08 using a seven-parameter Helmert transforma-
tions. The mean RMS repeatability of the site coordi-
nate variations in each campaign is better than 2 mm 
for the horizontal component. Assuming a white noise 
model of the position time series when estimating the 
site velocity, the mean velocity error is 0.43 and 0.33 
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( Fig. 2) . It should be noted that the velocity uncer-
tainties may be usually underestimated by factors of 5-
10 if a pure white noise model is assumed based on 
previous noise analysis of continuous GPS position time 
series[ 6 ' 7l , as such, the realistic velocity error might 
be probably at the range of 2-4 mm/a. 
We then transform these velocity results of our 
CMONOC regional GPS stations from IGS08 to the sta-
ble Eurasia plate using the new global plate motion 
model [ s] . In addition, in order to obtain a more com-
plete and high resolution horizontal velocity field , we 
combine our velocity field of CMONOC with several 
other published results in the adjacent areas of Chinese 
mainland [9 , 10] through seven-parameter transformations 
with common stations between each velocity field. 
These publicly available velocities mainly include the 
sites in Himalayan mountain belts and the Myanmar, 
respectively. During the velocity field combination, we 
select the common stations just from the IGS core sta-
tions which are common to the two solutions. For exam-
ple , the published velocity field of Maurin et al [ 10] has 
about 45 sites, and 7 stations are also belonged to our 
solutions. After the combination, the differences are 
generally smaller than 1 mm/ a. It should be noted that 
the published velocity results in the adjacent areas of 
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Figure 1 Regional CPS stations of CMONOC (red points are CMONOC sites constructed in 
1998;blue points are new CMONOC sites constructed in 2008) 
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Figure 2 Velocity error statistics assuming a white noise 
model 
Chinese mainland are indeed not from the GPS obser-
vations of the most recent years, hut they are relatively 
the newly-published results surrounding the Chinese 
mainland, which could still give us a more complete 
understanding of the tectonic and deformation charac-
teristics within and around Chinese mainland. 
3 Analysis of velocity field and strain 
rate field from 2009-2013 
The overall crustal movement and deformation in China 
may he ascribed mainly to the collision between India 
and Eurasia plates, and the active deformation has dis-
tinct features for the western and eastern parts, divided 
roughly by longitude of 105°-106°E[ 1J. In the western 
part of China, the huge, strike-slip faults cut the Ti-
betan Plateau into some sliver-shaped structures, ori-
ented in the nearly west-east direction, such as the 
Bayankala, Qiangtang blocks, compared with block-
shaped structures in the eastern part of China, such as 
South China, Ordos and North China hlocks[ 2J. 
Figure 3 shows the crustal movement velocity field of 
the Chinese Mainland with respect to stable Eurasia 
plate using CMONOC GPS data observed from 2009-
2013 ( The fault traces which are delineated by black 
lines in figure 3 and figure 4 are mainly from reference 
[ 11 ] ) . Compared with the previous velocity field , 
there are densified sites in southern and western Tibet, 
as well as in South China and Tianshan Mountain, etc. 
In the Tibet Plateau , the main features could he oh-
served directly from our velocity field, e. g. nearly 
north -south contraction and shortening of the Tibet 
Plateau with the direction roughly parallel to the con-
vergence direction between India and Eurasia plates, 
approximately west-east extension in southern Tibet and 
the clockwise rotation of the south-eastern Tibet, con-
sistent with previous studies[ 1' 2 ' 11 l. The intensified and 
further refinement of the velocity field , especially in 
the actively deforming zones will amplify our under-
standing of the features of current deformation. 
In order to analyze the deformation status of Chinese 
continent, we calculate the principal strain rate using a 
hi-cubic spline interpolation function[ 12' 13 l , assuming 
that the velocity field and tectonic deformation in Chi-
nese mainland could he treated as continuous. Figure 4 
shows the strain rate field defined by grids of 2 ° X 2 °. 
Our strain result is generally consistent with the charac-
teristics of previous strain rate distributions , with the 
exception of northeastern China and the eastern Tibet 
Plateau , which will he discussed in more detail herein-
after. In the southern Tibet and Tianshan Mountain, 
significant contraction rate could he observed , with the 
direction nearly perpendicular to the strike of those oro-
genic belts and maximum principal contraction rate ex-
ceeding 40x 10-9 I a, indicating rapid crustal shortening 
consistent with previous studies[ 14l. 
During the field survey of CMONOC regional GPS 
network between 2009 and 2013 , there were several 
large earthquakes which could cause significant coseis-
mic or postseismic perturbations to our velocity field , 
such as the 2010 Yushu Mw6.9, the 2011 Mw 9.0 To-
hoku, 2013 Lushan M7. 0 events. For instance, the 
2011 Mw 9.0 Tohoku event caused measurable far-field 
deformation in northeastern and northern China, with 
coseismic offsets up to 30 mm and 10 mm, respective-
ly, compared with relatively small offsets of 2-5 mm in 
South China [ 15 l . In addition, strain analysis of coseis-
mic horizontal displacements of this event indicates that 
the tensile strain affected on the northern parts of Tanlu 
Fault zone is relatively more significant than other seg-
ments of the Tanlu Fault zone and other faults in east-
em China [ 16 l . Hence, the principal strain rate in 
northeastern China between 2009 and 2013 shows max-
imum extension rate as large as 30 X 10-9 I a, mainly 
consistent with the direction and distribution of tensile 
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Figure 3 Horizontal velocity field with respect to stable Eurasia plate, the red arrows show the 
velocity of CMONOC regional sites, the pink arrows show the published velocity results 
from references [ 9 , 10] 
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Figure 4 Principal strain rate field analyzed by our CPS velocity field 
strain observed from coseismic displacements of this e-
vent[16l. Whereas in South China and North China, 
there is relatively insignificant internal strain rate which 
is smaller than 5xl0-9 /a. 
In eastern Tibet, there is significant contraction rate 
up to 30 X 10-9 I a nearby the Longmenshan thrusting 
fault zone , far beyond the strain rate estimated before 
the Wenchuan earthquake[ 12l. The actual strain rate 
distribution from our observations may be quite compli-
cated due to the effect of postseismic transient after the 
2008 great Wenchuan earthquake[ 17J, and also the pre-
seismic accumulation and the coseismic perturbation of 
the 2013 Lushan M7. 0 earthquake occurred on the 
southern section of the Longmenshan Fault system [ 18 l . 
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The deformation mode may he divided into two different 
types for different segment of the Longmenshan Fault 
zone due to the effect of seismic cycle , for instance, 
from the comparison of strain rate field before and after 
the Wenchuan earthquake, Wu et al 1" 1 suggest that 
the strain rate distribution of 2009-2011 in the middle-
northern segment of the Longmenshan Fault system 
mainly results from fault slip while the strain rate in the 
southern segment shows accumulation features[ts]. Be-
sides , because there were no observations for the new-
ly-constructed CMONOC GPS stations before the 2008 
Wenchuan event, the postseismic deformation might 
bias the estimates of long-tenn site velocities and strain 
rate in this region. Therefore, further intensive continu-
ous GPS observations could help reveal the postseismic 
deformation mechanism, lithosphere rheology and seis-
mic hazard evaluation in this region. 
4 Conclusions 
In this study , we analyze the regional GPS data of 
CMONOC observed from 2009 to 2013 using the 
BERNESE GPS software and then derived the horizon-
tal velocity field with respect to the stable Eurasia 
plate. Assuming a white noise model when estimating 
the site velocities , the mean velocity error is about 
0. 43 and 0. 33 mm/ a, for the north and east compo-
nent respectively. We also analyze the strain rate field, 
which could reflect the overall deformation features in 
the Chinese mainland from 2009-2013. Besides, the 
influences of several large earthquakes during the field 
survey have been briefly discussed in this paper. Due 
to the coseismic and postseismic perturbations of large 
earthquakes during the GPS fieldwork from 2009 -
2013, it is anticipated that a densified and further re-
fined velocity field obtained from more subsequent 
campaigns , including additional continuous GPS obser-
vations, would help provide better constraints on the 
kinematics and dynamics of Chinese mainland. 
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